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Objective: The purpose of this study was to investigate paraoxonase (PON) and arylesterase (ARES) enzyme
activity in adults with vitamin B12 deficiency, and specific changes in the activities of these enzymes
following vitamin B12 treatment.
Methods: A total of 46 patients with vitamin B12 deficiency (aged 18–82 years) and 45 healthy volunteer
controls (aged 19–64 years) participated in this study. Venous blood samples were collected, and serum
vitamin B12, homocysteine (HCY), methylmalonic acid, PON1, and ARES levels were measured.
Results: Paired comparison showed that pre- and post-treatment values for PON and ARES were similar
between patients and controls (both P> 0.05). There was no statistically significant relationship between
patients’ pre-/post-treatment PON or HCY levels and serum vitamin B12 levels, compared with those of
the control group (P> 0.05).
Discussion: The results of the present study do not support the hypothesis that the antioxidant enzymes PON
and ARES have an underlying role in vitamin B12 deficiency and related hyperhomocysteinemia. Our findings
suggest that PON and ARES do not play a role in the systemic effects of vitamin B12 deficiency.
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Introduction
Vitamin B12 is an essential vitamin that plays a key
role as a co-factor in the synthesis of DNA, RNA,
and proteins. Functions of vitamin B12 include
nucleic acid metabolism, transfer of methyl groups,
synthesis and repair of the myelin sheath, and pro-
duction of erythrocytes.1–4 Vitamin B12 deficiency
can result in megaloblastic anemia and/or clinical out-
comes that cause neurological dysfunction. Reduction
of methionine synthase activity due to vitamin B12
deficiency results in elevated serum homocysteine
(HCY) levels. Even in the early stages of low vitamin
B12, HCY levels begin progressively increasing.5

Although HCY is a normal metabolite, excessive
levels can be toxic.6 A high HCY level is an indepen-
dent risk factor for many major pathologies, including

cardiovascular diseases, osteoporosis, Alzheimer’s
disease, and birth defects. Most HCY-related pathol-
ogies are also linked to oxidative stress.7,8 It has been
hypothesized that HCY promotes oxidative stress via
generation of reactive oxygen species upon disulfide
bond formation; thus, HCY has pro-oxidant activity.9

When the production of reactive oxygen species
exceeds the antioxidant defense capacity, oxidative
stress damages the structural and functional integrity
of tissues.9 The antioxidant capacity of the body
plays a major role in determining the level of
harmful effects exerted by oxidative conditions.
Paraoxonase 1 (PON1) is a high-density lipoprotein

(HDL) cholesterol-bound enzyme with important
physiological functions, including detoxification. It
has antioxidant properties and is synthesized by the
liver.10 PON1 is a multifunctional enzyme with PON,
diazoxonase, and arylesterase (ARES) activities.11

These enzymes protect lipids from peroxidation and,
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consequently, exhibit antioxidant features. A previous
study showed that PON1 deficiency predisposes indi-
viduals to atherosclerosis and cardiovascular disease.12

One of the characteristics of PON1 is its ability to
detoxify HCY-thiolactone. As a HCY metabolite,
HCY-thiolactone is a reactive intermediate that is
toxic to cells and proteins.13 A previous study reported
that the proatherogenic and neurodegenerative effects
of HCY might be linked to low PON1 serum
activity.6,14,15

To our knowledge, there are no data on the activity
of PON and ARES in adult patients with hyperhomo-
cysteinemia due to vitamin B12 deficiency. In a study
of children with anemia caused by vitamin B12
deficiency, PON and ARES levels were significantly
low and increased after vitamin B12 treatment.16

Knowledge of PON and ARES activity in patients
with vitamin B12 deficiency might help to clarify the
underlying biochemical mechanisms involved in this
type of deficiency. The purpose of this study was to
investigate PON and ARES enzyme activities in
adults with vitamin B12 deficiency, and to assess
specific changes in the activities of these enzymes fol-
lowing vitamin B12 treatment.

Materials and methods
Patients and controls
A total of 46 patients with vitamin B12 deficiency
(aged 18–82 years) and 45 healthy volunteer controls
(aged 19–64 years) were recruited from the
Hematology Department at Yildirim Beyazit
University Medical Faculty and included in this
study. Venous blood samples (10 ml) were taken
from all participants, and serum vitamin B12, HCY,
methylmalonic acid (MMA), and baseline and salt-
stimulated PON1 and ARES levels were determined.
Patients with vitamin B12 deficiency were adminis-
tered cyanocobalamin for 4–6 weeks, after which the
venous sampling was repeated to re-evaluate baseline
and salt-stimulated PON1 and ARES levels. Patients
with co-morbid systemic disorders and those using
any drug(s) were excluded from the study. The
control group consisted of healthy adults who were
age- and sex-matched with the vitamin B12-deficient
participants. Written informed consent was obtained
from all participants after they had been provided
with a complete description of the study. This study
was approved by the ethics committee of Yildirim
Beyazit University Medical Faculty.

Blood samples and measurement
To avoid any interference with the study results, par-
ticipants were advised not to smoke, drink, or eat
prior to blood sampling. Venous blood samples
(10 ml) were collected from an antecubital vein after
a 12-h overnight fast and transferred to biochemistry

tubes. The biochemistry tubes were centrifuged at
1800 g for 15 minutes after an incubation period of
30 minutes. Samples were frozen at –80°C and stored
before analysis.

Vitamin B12 levels were measured by the electroche-
miluminescence method using Roche commercial
diagnostics kits and a Cobase 601 immunological
test analyzer (Roche, Basel, Switzerland). HCY
levels were measured using an IMMULITE 2000
immunoassay analyzer (Siemens Healthcare
Diagnostic, Munich, Germany) using the chemilumi-
nescence method. MMA levels were measured using
liquid chromatography–mass spectrometry (API 3200
System; AB Sciex, Sao Paulo, Brazil). The activity of
ARES was measured using an ARES assay kit, and
the activity of PON1 was measured using a fully
automated PON activity measurement kit (Rel Assay
Diagnostics, Gaziantep, Turkey) with a Cobase 501
automated analyzer (Roche) in the biochemistry
laboratory of Yildirim Beyazit University Medical
Faculty, Ataturk Training and Research Hospital.
Baseline and salt-simulated PON1 were measured.

Statistical analysis
The normality of continuous variables, such as age,
serum vitamin B12, and hemoglobin, was tested
using the Shapiro–Wilk test. Continuous variables
with a normal distribution are reported as mean±
standard deviation, and those with a non-normal dis-
tribution as median (interquartile range [IQR]) and
minimum−maximum. Sex is expressed as a count (%).

Differences between patient values, such as serum
vitamin B12, serum MMA, and HDL cholesterol,
measured before and after treatment, and differences
between patient and control group values were ana-
lyzed using the Student’s t test and Mann–Whitney
U test according to the normality of the variables.
For comparison of pre- and post-treatment values for
patients, a paired t test was used for variables that
fitted a normal distribution, and Wilcoxon’s signed
rank test was used for those that did not. Spearman’s
rho coefficient was calculated to define the correlation
between PON and HCY and vitamin B12 levels, and
between ARES and HCY and vitamin B12 levels.
Variables for which the P-values showed a significant
difference are given in bold in the tables.

SPSS version 21.0 (IBM, Armonk, NY, USA) was
used for the statistical analyses and calculations in
this study. P< 0.05 was considered statistically
significant.

Results
The median age of the 46 patients who participated in
this study was 44.50 years (IQR 30.00) years, and the
median age of the 45 healthy controls was 38.00 (IQR
34.00) (Table 1). Thirteen patients (28.3%) and 19
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controls (44.2%) were male. There were no significant
differences between the patient and control groups
with respect to age or sex (both P> 0.05; Table 1).
The median vitamin B12 level was 150.00 pg/ml

(IQR 48.50) for patients’ pre-treatment, 706.50 pg/
ml (IQR 539.00) for patients’ post-treatment, and
326.70 pg/ml (IQR 243.90) for controls (Table 2).
Serum vitamin B12 levels were significantly lower
among patients compared with controls pre-treatment
(P< 0.001), but significantly higher than those of the
control group post-treatment (P< 0.001).
Patients had median PON values of 191.10 U/l

(IQR 248.45) pre-treatment and 199.55 U/l (IQR
222.90) post-treatment. The median PON value of
the control group was 219.90 U/l (IQR 189.13)
(Fig. 1). Paired comparison showed that pre- and
post-treatment PON values of patients and those of
the control group were similar (P> 0.05). Similarly,
ARES values did not differ significantly between the
patient and control groups (P> 0.05; Fig. 2).
There were no statistically significant relationships

between PON and HCY levels for patients’ pre-treat-
ment (ρ= –0.043, P= 0.778; Table 3) or for controls
(ρ= 0.097, P= 0.524).
Analysis of the relationship between ARES values

and HCY and serum vitamin B12 levels showed a
low-level positive correlation between serum vitamin
B12 and ARES levels among patients before treatment
(ρ= 0.349, P= 0.017; Table 4).

Discussion
In addition to direct negative effects of vitamin B12
deficiency on the cell cycle, increased HCY levels
accompanied by vitamin B12 deficiency exert multiple
harmful effects on tissues via biochemical pathways.7

HCY is a metabolite with pro-oxidant activity.
Proatherogenic and neurodegenerative effects of
HCY have been reported to be possibly related to
low serum PON1 activity, which impairs antioxidant
function and reduces the degradation capacity of
HCY-thiolactone, one of the metabolism pathways
of HCY.6,14,15

This study is the first to investigate levels of the anti-
oxidant enzymes PON and ARES in adults with

Table 1 Demographic features of participants

Characteristic
Patients
(n = 46)

Controls
(n= 45) P

Median age, years
(IQR)

44.50 (30.00) 38.00 (34.00) 0.057*

Age range, years 18–82 19–65
Sex, n (%)

Male 13 (28.3) 19 (42.2) 0.240†

Female 33 (71.7) 26 (57.8)

*Mann–Whitney U test.
†Yates’ Chi-square test. Ta
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vitamin B12 deficiency and related hyperhomocystei-
nemia. PON and ARES activity in patients with
vitamin B12 deficiency was similar to that of the
healthy control group. Accordingly, there were no stat-
istically significant differences between patients’ pre-
and post-treatment measurements. We also found no
significant correlation between PON and HCY.
An earlier study of PON and ARES activity found

significantly lower pre-treatment values of these
enzymes in children with anemia caused by iron and
vitamin B12 deficiency compared with controls.16

The same study reported that there was no significant
difference in PON and ARES activity in the pre- and
post-treatment periods in the iron-deficiency anemia
group. However, in vitamin B12-deficiency group,
the activity of PON and ARES had significantly
increased when evaluated 1 month after vitamin B12
treatment. These findings are in contrast to those of
our study. The increase in post-treatment PON and
ARES levels in children with vitamin B12-deficiency

anemia might have been related to lower pre-treatment
levels than control values; it might also have been due
to antioxidant enzymes responding more quickly to
treatment in childhood. In the study of Koç et al.,16

the children with vitamin B12-deficiency anemia had
lower levels of hemoglobin (7.69± 1.74 g/dl) and
vitamin B12 (101± 55 pg/ml) than found in our
study group; therefore, it is possible that a more
severe deficiency might be associated with more pro-
nounced decreases in the activity of PON and ARES.

Karikas et al. have reported a negative relationship
between high HCY levels and PON1 activity in
healthy pre-school children.17 Likewise, various
studies reporting a correlation between reduced PON
and ARES activity and atherosclerosis have linked
this reduction to an increase in HCY.15,18 Koç et al.
found a reduction in PON and ARES levels in children
with vitamin B12 deficiency, but serum HCY levels
were not measured and the relationship of these
enzymes to HCY could therefore not be evaluated.16

The results of the present study do not support the
hypothesis that, in adults with vitamin B12 deficiency
and related hyperhomocysteinemia, the antioxidant
enzymes PON and ARES have a role in the underlying
biochemical mechanisms of vitamin B12 deficiency.
Our findings suggest that PON and ARES do not
play a role in the systemic effects of vitamin B12
deficiency. On the other hand, the absence of any
additional major systemic findings (e.g., neurological

Figure 1 Distribution of PON levels. Horizontal lines indicate
median values; purple bars indicate the interquartile range;
and vertical lines indicate the minimum and maximum. PON,
paraoxonase.

Figure 2 Distribution of ARES levels. Circles indicate the
median levels. ARES, arylesterase.

Table 3 Relationships between PON and homocysteine and
serum vitamin B12

Blood measurements

PON (U/l)

ρ* P

Homocysteine (μmol/l)
Patients, pre-treatment –0.043 0.778
Patients, post-treatment –0.123 0.416
Controls 0.097 0.524

Vitamin B12 (pg/ml)
Patients, pre-treatment –0.042 0.782
Patients, post-treatment –0.183 0.222
Controls 0.075 0.624

*Spearman’s rho correlation coefficient.

Table 4 Relationships between ARES and HCY and serum
vitamin B12

Blood measurements

ARES (U/l)

ρ* P

HCY (μmol/l)
Patients, pre-treatment –0.040 0.789
Patients, post-treatment 0.067 0.660
Controls 0.154 0.313

Vitamin B12 (pg/ml)
Patients, pre-treatment 0.349 0.017
Patients, post-treatment –0.080 0.597
Controls 0.204 0.179

*Spearman’s rho correlation coefficient.
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dysfunction) due to vitamin B12 deficiency, apart from
anemia, might be considered to be related to the fact
that there were no significant changes in PON and
ARES levels. The lack of any significant difference
in PON and ARES levels of the pre-treatment
patient group compared with controls might have
masked possible biochemical changes in enzyme
activities that occurred after vitamin B12 treatment.
In addition, the post-treatment evaluation in the
patient group took place at 4–6 weeks. Changes at
the cellular level may occur in the longer term, and
it is possible that changes in PON and ARES activity
could be difficult to detect at this early time point.
The main limitation of this study is the relatively

small sample size. Nevertheless, the reliability of our
study is increased by the exclusion of participants
with co-morbid systemic disorders in the vitamin
B12-deficiency population and the evaluation of
plasma HCY levels.
In conclusion, this study found no specific changes

in the activities of the antioxidant enzymes PON and
ARES in adults with vitamin B12 deficiency and
related hyperhomocysteinemia compared with con-
trols, and that vitamin B12 replacement treatment
did not have any significant effect on the activities of
these enzymes. Further measurements of PON and
ARES after a longer duration of treatment with a
larger study group are needed.
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